In the male rat, subcutaneously injected Cd2+ accumulates to high levels and is retained in the liver and kidneys. In both of these organs also, the Zn2+ content increases with the uptake of Cd2+. Bound Cd2+ is present in the soluble components (cell sap) of these tissues as a single fraction, probably metallothionein. This Cd2+-binding protein also accumulates Zn2+ and is responsible for its increased uptake.
INTRODUCTION
The selective injurious action of a single subcutaneous injection of sub-toxic levels of Cd2 + on the testes of many laboratory animals with scrotal testes has been confirmed repeatedly (see e.g. Johnson & Miller, 1970 , for a survey of the literature) since the initial observations of Pafizek & Zahor (1956) . The primary action of Cd2 + appears to be on the permeability of the vascular system, probably the end-arterial capillary bed (e.g. Niemi & Kormano, 1965; Waites & Setchell, 1966; Clegg, Carr & Niemi, 1969 ; but cf. Johnson, 1969) and leads to ischaemia and testicular necrosis. Subsequently, the testes become revascularized, although with a different arrangement of blood vessels (Niemi & Kormano, 1965) and there is some regeneration of interstitial tissue but not of the seminiferous tubules (Parizek, 1960) .
Excess Zn2+ is known to protect against the Cd2 +-induced injury to the testis 83 (Parízek, 1960; Kar, Das & Mukerji, 1960; Gunn, Gould & Anderson, 1961; Mason & Young, 1967) , and it has been suggested (Pafizek, 1960; Hodgen, Butler & Gomes, 1968; Johnson, 1969) (Ferm & Carpenter, 1967) . The present paper summarizes an investigation on the biochemical effects of Cd2 + injury on the mouse and rat testis, particularly with regard to the possible antagonism between this cation and the normal biologically-functional Zn2+ ion.
MATERIALS AND METHODS

Chemicals
The disodium salts of ATP and phosphocreatine, the sodium salt of guanosinetriphosphate and pyruvate kinase were obtained from Sigma Chemical Company, London. The radioactive materials, [l-14C] Campbell, SerckHanssen & Lowe (1965) and dissolved in 0-5 ml of 1-0 N-NaOH by incubation overnight at 37°C. Protein synthesis by epididymal fat pad pieces was followed as described by Quarterman (1967) . Results (Heath & Webb, 1967) . At least four mice and two rats from the Cd2 +-injected and control groups were used at each time, the analyses being done on paired and single testes from the mice and rats, respectively, and on four separate samples of other tissues. Contents of RNA, DNA and protein were determined essentially by the method described by Schneider (1957 Mejbaum (1939) , Burton (1956) and Lowry, Rosebrough, Farr & Randall (1951) , respectively, with yeast RNA, calf-thymus DNA (both pre¬ pared in 5% (w/v) TCA at 90°C ) and bovine serum albumin as standards.
Determination of radioactivity
This was achieved in a Packard Tricarb Liquid Scintillation Spectrometer as described by Webb et al. (in preparation).
RESULTS
Morphological and histological changes produced by Cd2
+ in the testis of the mouse and rat As described previously by others (e.g. Meek, 1959; Pafizek, 1960 ; Lee & Barnes, 1967) Pafizek, 1960) . Thus, in the mouse testes after 7 days, the weight of the tunica albugínea was about 30% greater than that of the normal testis (3-5 mg 5-2% of the wet weight of the whole organ) and accounted for 12-9% of the total weight of the testis. In the rat testis after 12£ weeks, the cor¬ responding value was 16%.
Apart from a little extravasation at 12 hr, little change was observed in the histology of the testis until 18 hr after the injection of Cd2
At this time, the capillary damage and necrosis, particularly in the spermatogonia of some tubules (cf. Meek, 1959; Païizek, 1960; Analyses were made on wet-ashed samples as described in the 'Materials and Methods' section. Seminiferous tubules and interstitial tissues were separated as described by Christensen & Mason (1965 Text-fig. 3 ).
As observed previously by Pafizek (1960) fig. 5a ). In the testes of these animals, the contents of iron and copper also increased from the control levels of 15-8 and 0-9 µg/g wet wt to 45-5 and 3-7 /¿g/g wet wt, respectively. Although increased levels of these ions were to be expected from the haemorrhage that accompanied the breakdown of the vascu¬ lar system, the fig. 5c ).
DISCUSSION
Very little is known about the function of Zn2 + in mammalian reproduction, although it appears to be essential both for the maintenance of pregnancy in the female (Apgar, 1970) , and of fertility in the male (e.g. Mann, 1964) . It is well known, for example, that the content of Zn2 + in the prostate gland and its secretion in various mammalian species becomes extremely high at sexual maturity, whilst an adequate supply of the cation in the testis seems necessary to maintain the germinal epithelium and spermatogenesis (e.g. Mann, 1964) .
It has often been assumed, albeit without experimental justification, that in biological systems the (toxic) Cd2 + ion competitively displaces the functionally active Zn2+ cation, e.g. from Zn2+ metalloproteins necessary for gametogenesis. The possibility was first suggested by Parizek (1960) and Fox & Fry (1970) refer to the 'well-known cadmium-zinc antagonism'. The present re¬ sults, however, show that, whilst such competitive interaction may occur in the epididymis, it does not occur in the testis, an organ that is extremely susceptible to (selective) injury by Cd2+ (e.g. Johnson & Miller, 1970 Strain & Pories, 1970) . Also, the possibility that Zn2+, which is known to be concentrated in calcified tissues (e.g. Luécke, Ruskan & Baltzer, 1970) , occurs in localized areas, such as the calcified tubules observed in the rat testis 11 months after the injection of Cd2+ (Gunn et al., 1963b) Meek, 1959; Pafizek, 1960; Gunn et al., 1963a) (Koenig, 1963) , are known to accumulate rapidly in the lysosomes of kidney and liver.
In both the liver and kidney, the Zn2 + content is not depressed but increases with the uptake of Cd2 """. . 6a ); it does not substitute for Zn2+ in the three Zn2"""-containing protein fractions that are present in the soluble fraction of the liver of the normal male rat (Webb, 1971 Kägi & Vallee (1960 Text- fig. 6 . Gel-filtration of the soluble proteins of (a) liver and (b) kidney of the male rat, 14 weeks after the subcutaneous injection of CdCl2 (2-2 /¿mol/lOOg body wt). (Piscator, 1964) , and from the livers and kidneys of rats after intravenous injec¬ tion of 203HgCl2 A similar conclusion has been reached by Piscator (1964 Piscator ( , 1966 , who considers that metallothionein is synthesized in the liver and transported to the kidney. If this explanation is correct, the liver protein must be altered during transport, since protein components of the Cd2 +-binding fractions of liver and kidney differ in electrophoretic mobilities (Webb, 1971) .
The results of show that maximum concentrations of Cd2 + and Zn2+ in the liver of the Cd2 """-injected rat are reached after about 13 weeks. (Webb, 1971) , the pre-existing binding protein protects against Cd2+ toxicity, this offers an explanation for the decreased susceptibility of rats to a second injection of Cd2 +, even when this is given several months after the first (Gunn, Gould & Anderson, 1966; Cleggrt al, 1969 ).
